The anisotropy of magnetic susceptibility (AMS) is often interpreted in terms of strain. However, since AMS is controlled by all magnetic (s.l.) carriers present, an AMS interpretation is not straightforward, especially in the presence of composite magnetic fabrics. Considering the large number of factors that may influence rock mineralogy (e.g. sediment source area, metamorphism), it becomes clear that one cannot interpret AMS in terms of strain without applying additional techniques that allow determining the nature and preferred orientation of all magnetic (s.l.) carriers likely influencing the measured AMS. This is discussed using samples from the Brabant Massif (Belgium) and the Moesian Platform (E-Romania).
Introduction
Because of the common scarcity of classical strain markers and the often fine-grained nature of the deposits, performing strain analyses in slate belts may be difficult. As an alternative one may apply more analytical methods such as phyllosilicate X-ray pole figure goniometry [1] and the analysis of the anisotropy of magnetic susceptibility (AMS) [2] . During the last 20 years, especially the latter, which, in contrast to the former, can be applied in a large variety of rock types, has commonly been considered as a qualitative and sometimes even a quantitative measure of tectonic strain [2, 3] .
However, AMS is a result of all magnetic (s.l.) carriers present [2, 3, 4] . If effectively controlled by two differently oriented carrier populations, the relationship with strain becomes questionable [4] . Housen et al. [4] examined this effect of so-called composite magnetic fabrics on AMS by means of experiments and numerical studies, using synthetic samples with two differently oriented populations of magnetite and demonstrated that the orientation of the susceptibility ellipsoid, as well as the ellipsoid shape and the degree of anisotropy are strongly influenced by the orientation and relative concentration of the two orientation populations of magnetic carriers. Recently, similar trends were observed on the basis of natural samples [5] . In the present paper, we present new data that confirm earlier conclusions [4, 5] and further emphasise the complexity of AMS. 
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Magnetic Anisotropy Studies. Samples consist of oriented hand specimens that were cut into cubes, on average 7 per sample, with size 2 x 2 x 2 cm. Both the anisotropy of the low field magnetic susceptibility (AMS) and of the anhysteretic remanent magnetization (AARM) were investigated. Whereas AMS represents the contribution of all magnetic constituents of a rock, AARM only reflects the ferromagnetic fraction [7] . AMS was measured with a KLY3S kappabridge [8] . The eigenvectors of the susceptibility tensor, K1, K2 and K3 (K1 > K2 > K3) reflect the orientation and shape of the susceptibility ellipsoid. Three different eigenvector arrangements are used: the corrected degree of anisotropy Pj, reflecting the degree of preferred orientation [9] , the shape parameter T, being a measure of the shape of the susceptibility ellipsoid, with prolate ellipsoids in case -1 < T < 0 and oblate ellipsoids in case 0 < T < 1 [9] , and the mean susceptibility Km [10] . In order to investigate the effect of mineralogy on AMS, Pj and Km are compared. On a Pj/Km plot the paramagnetic contribution has an upper limit around Pj ~ 1.2-1.3 and Km ~ 300-500 10 -6 SI [11, 12] .
AARM is based on the ability of samples to acquire a remanent magnetization when an alternating field is applied in the presence of a small direct field [7] . Magnetization is imparted along a chosen sample direction in an alternating field peak of 100 mT with a coaxial direct field of 100 µT. Before processing magnetization, the sample is demagnetized with an alternating field of 100 mT. Magnetization and demagnetization is performed by the LAD-3 AF device (AGICO), and the sample is measured with a JR5 spinner magnetometer. The AARM tensor is determined by using the Jelinek procedure [13] . Because of the maximum value of the alternating field applied, the main minerals controlling AARM are magnetite and low-coercivity pyrrhotite.
Ferromagnetic Mineralogy. Ferromagnetic mineralogy was investigated on the basis of a coercivity/blocking temperature spectrum analysis by applying a stepwise demagnetization of a "three axis" isothermal remanent magnetization following the procedure of Lowrie [14] . We applied three successive saturation fields (1.4 T, 0.6 T and 0.12 T) along three perpendicular directions. These are then demagnetized thermally from 25 to 700°C in steps of 50°C, with finer steps around 325°C and 580°C, the Curie temperatures of pyrrhotite and magnetite respectively. X-ray pole figure goniometry. Mica (001) (d = 10 Ǻ) and chlorite (002) (d=7 Ǻ) orientation distributions were measured by means of an X-ray pole figure goniometer. Pole figure measurements were performed using Fe-filtered Co-radiation (40kV x 30 mA). Complete normalised pole figures were obtained by combining incomplete pole figure measurements, performed in transmission mode, on two mutually perpendicular sections of the sample, both perpendicular to the main foliation (bedding or cleavage) [15, 5] . It is tempting to interpret those cases in which K3 coincides with the cleavage pole as a result of a stronger cleavage fabric and hence a higher tectonic strain. However, only samples TD1017 (Ripain Member) and TDD3 (Neoproterozoic turbidites) have a stronger cleavage fabric than the other samples of the same lithostratigraphic unit. In contrast, in the vast majority of the samples, the fact whether or not K3 coincides with the cleavage pole or the bedding pole depends entirely on the preferred orientation and concentration of the different groups of magnetic (s.l.) carriers [5] . Fig. 2 shows a graph of the mean susceptibility Km versus the corrected degree of anisotropy Pj, on which the mean of the upper limit of the paramagnetic contribution is marked. For the majority of the samples both paramagnetic and ferromagnetic carriers are likely to contribute to AMS. Only in the case of the Ripain Member and the high-susceptibility samples of the Tubize Formation, predominantly situated above the upper limit of the paramagnetic contribution, can one expect AMS to be controlled almost entirely by the ferromagnetic carriers. Likewise, an AMS controlled almost entirely by paramagnetic carriers is expected only for those samples with a very low Pj and Km (e.g.
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Magnetic Carrier Types
Madot Formation and some samples of the Mousty Formation and the Jodoigne Formation).
Small amounts of ferromagnetic carriers are present in all investigated lithologies (Fig. 2) . The ferromagnetic mineralogy remains fairly constant within individual lithostratigraphic units, but often shows marked differences between different lithostratigraphic units, both between different formations and between different members of the same formation (e.g. Ripain and Asquempont members of Oisquercq Formation) [5] . Considering this pronounced stratigraphic variation of ferromagnetic mineralogy it is not surprising that also AMS may show stratigraphic variations.
The main paramagnetic minerals present in the investigated rocks are chlorite and mica, which both, judging from X-ray pole figure goniometry on a variety of lithologies in the Brabant Massif, have a preferred alignment parallel to cleavage. One exception is the Asquempont Member, where chlorite is oriented parallel to bedding [5] .
48
Textures of Materials -ICOTOM 14 Fig. 3 : Relationship between T and the cleavage/bedding angle.
Composite Magnetic Fabrics
A marked relationship exists between the shape parameter T and the angle between cleavage and bedding: more oblate susceptibility ellipsoids for small angles between cleavage and bedding and more prolate ellipsoids for large angles (Fig. 3) [5]. A similar relationship was observed between T and the angle between two synthetic magnetite orientation distributions [4] . This led Debacker et al. [5] to explain this relationship and also the mismatches between K3 and the pole to bedding and cleavage in terms of the combined effect of bedding-and cleavage-parallel paramagnetic and ferromagnetic carriers. If this interpretation holds, then the relationship between T and cleavage/bedding angle is expected to be absent when AMS is controlled only by one orientation population of magnetic (s.l.) carriers. As can be seen on Fig. 3 , several samples do not show this relationship. These are the samples of the high-susceptibility zones of the Tubize Formation, the samples of the Madot Formation, one sample (TD1017) of the Ripain Formation and two samples (TDD3 and TDD9) of the Neoproterozoic turbidites. As pointed out higher, in the highsusceptibility zones of the Tubize Formation, AMS is likely to be controlled entirely by the ferromagnetic carriers (pyrrhotite or Ti-magnetite). Likewise, in the Madot Formation, having a very low Km and Pj, the effect of ferromagnetic carriers is expected to be minimal and AMS is likely to be controlled only by the paramagnetic carriers. In the Neoproterozoic turbidites, the shift of samples TDD3 and TDD9 towards a higher T with respect to the other samples may be interpreted in terms of strain. These two samples do not have a significantly different Pj and Km with respect to the other samples of the same lithology but are the only ones with a much better developed cleavage and with K3 parallel to the cleavage pole. In the case of sample TD1017 of the Ripain Member, both a mineralogical and a strain interpretation seem possible.
Discussion and Conclusions
Although the analysed samples are quite simple in terms of mineralogy (consisting mainly of white mica, chlorite and quartz, with only traces of other minerals), their AMS is quite complex.
Considering the influence of a large number of factors on the presence, concentration and orientation of magnetic (s.l.) minerals (e.g. sediment source area, sedimentation and compaction, diagenesis, alteration and metamorphism, tectonic deformation, pre-, syn-and post-tectonic fluid flow) it becomes clear that composite magnetic fabrics are probably quite common and that for a given rock type within a given area one should not attempt an interpretation of AMS without sufficient knowledge of the magnetic (s.l.) carriers present. Composite magnetic fabrics of paramagnetic and ferromagnetic carriers should be expected in case Km and Pj approach the upper limit of the paramagnetic contribution [11, 12] . The presence of composite magnetic fabrics is reflected by a K1 that is parallel to the fabric intersection lineation, a K3 that shows a variable orientation with respect to the fabric elements, and a clear relationship between T and the angle between the fabric elements [4, 5] . Only when it is proven that within a given lithology in a given area AMS is entirely controlled by only one magnetic carrier population can one consider using it for qualitative and possibly even quantitative strain analyses. If not, one may attempt to further unravel AMS in terms of the preferred orientation of the different magnetic carriers, using techniques such as phyllosilicate X-ray pole figure goniometry or AARM. However, also the interpretation of these methods in relation to AMS is not always straightforward [5] .
